ABSTRACT
Introduction
Permanent bilateral occlusion of the common carotid arteries (PBOCA) is a model of chronic cerebral hypo perfusion leading to cognitive impairment. It also affects the retina and optic nerve, thus providing a useful model for investigating the mechanisms of neuron losses and therapy for degeneration associated with vascular defects 1, 2 .
PBOCA in rats decreases the cerebral blood flow to about 50% normal, but gives no significant changes in the energy state of the central nervous tissue 3 .
The main findings after PBOCA are in the brain cortex and hippocampus 4 .
PBOCA impairs the working memory, however the damage to the brain tissues and the visual system have been disputed 5 . Furthermore, the clinical implication that a reduction in blood flow may be an important factor that causes or exacerbates cognitive decline in dementias of human beings 6 gives a special interest in the outcome of the present study. In rat model of the long-lasting reduction of cerebral blood flow, produced by PBOCA, combined with ageing can result in the enhanced cognitive impairment of aged individuals 7 .
Other perspective of this investigation is to interfere in the natural history of persistent encephalic hypoxia using environmental enrichment or substances as a way to produce neuroprotective effect against the cognitive impairment by chronic cerebral hypo perfusion due to PBOCA [8] [9] [10] . The experimental model can also allow observing different chronic non communicant chronic diseases related to ageing such as: degenerative macular disease associated to ageing, and to injecting intraocular substances with the goal of protecting the retina from this degeneration during the regional hypoxemia 11 .
The purpose of this study was to investigate the influence of cerebral hypoperfusion on learning-memory function in rats, in which the PBOCA reduced the cerebral blood flow, and examined its cognition and survival behavior using a water maze, adapted from the Morris water maze 12 .
Methods
The research project was approved by the Research Ethics Committee of FCM-Campina Grande-PB, Brazil.
Twenty-four adult Wistar rats (Rattus norvegicus) from the animal colony were used for this study. The rats were given a maximum of 60s to find the platform. If they failed to find it within 60s, the training was terminated and a maximum score of 60s was assigned. The rats were then guided to the platform by hand, and it was allowed to stay on it for 10s before removed from the water.
The physical findings, the way of swimming, balance instability and weakness of the limb muscles were also recorded and analyzed. Both the training process and the sixth day evaluations were performed in a randomized fashion in order to eliminate any bias in the analysis.
The quantitative variables were expressed by their mean and standard error of the mean (SEM) and the qualitative by their frequencies. p<0.05 was used for rejecting the null hypothesis.
Results
Operative mortality was 44.4%. Latency times in the control group varied from 2.28 to 36.00s (10.24s ±1.85s -Mean ± SEM). In the study group latency times varied from 3.00 to 60.00s; without counting overtimes of 60s, which occurs in five rats; for the sake of the animals they were removed from the water maze (25.26s ±4.69s -Mean ± SEM) ( Figure 1 ).
FIGURE 1 -Box plot with latency times (normal and study groups).
In the control group all, but one had a straight swimming towards to the survival platform; however one that spent 36s for landing in the survival platform performed two spins across the water maze and was a kind of disoriented or not interested in landing in the platform. Three other rats, although had a straight swimming toward the survival platform performed two spins around it before safe and comfortable landing.
The rats that underwent PBOCA presented a physical finding common to the majority (80%) of animals: they presented eyelid ptosis in one or both eyes. Two rats, apart from bilateral ptosis, developed eye infected hemorrhagic secretion This cognitive impairment may be related to progressive loss of hippocampal pyramidal neurons, an association often observed in human aging and dementia states 13 . In this model, there is an abrupt reduction of whole brain blood flow, ranging from approximately 35-45% in the cortex area to 60% in the hippocampus 3, 4, 14, 15 . This hypoperfusion is believed to sustain a chronic state of moderate hypoglycemia, a pathophysiological condition closely resembling that of reduced cerebral blood flow present in human aging and dementia 13 .
Adaptations . The purpose of these modifications is to decrease the very high mortality of the surgical approach when the carotids are simultaneously occluded as it happens in the present investigation, in which the overall mortality was within the range of other series 15 . On the other hand, aiming to produce a brain damage close related to the human being it seems that is better do perform PBOCA, rather than a 1-week interval carotid unilateral occlusion, because although it is associated with less mortality rate in the later, the rats have a better hemodynamic adaptations diminishing the repercussions in the cognitive events. Greater cognitive disruptions in rats, as it happens with PBOCA, give a better experimental model to study the best way to positively interfere with the natural history of chronic encephalon ischemia associated with dementia as it occurs in human beings; especially when it is associated with cerebral stroke.
In the present study it was used an adaptation of the Morris water maze procedure 12 without changing the main purpose of the test, which is to assess the spatial and learning survival memory. Instead of a circular maze it was used a rectangular one. The visual clues were of gray color suitable for the rat vision.
The rats from both groups underwent the same training protocol and visual clues. All the swimming pathway were video recorded and after editing the results they were computed analyzed regarding latency time, length of water path and swimming quality.
A veterinary registered any deficiency in rat movements, including muscle weakness and stability on the survival platform. The choice for testing the rats at four weeks after PBOCA was based on the assumption that hypoxia inducible factor 1 (HIF-1α) levels reach the peak at the 2 nd week after surgery in the hippocampus, while apoptotic neurons were maximal at the 4 th week in the this region, especially in the cornu ammonis 1 (CA1) region 
Conclusions
The PBOCA induces change in the learning and survival memory increasing the latency time for survival test in the water maze. The mortality rate to produce the rat model for chronic brain hypoxemia is inside the range of other series.
